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Arr, VII. —Some Tertiary Volcanic Minerals and their 
y 
Parent Magma. 


By D. J. MAHONY, M.Sc., F.G.S. 


[Read 13th October, 1927; issued separately 21st April, 1925. 


In many Victorian scoria cones and bedded tuffs of Tertiary 
age, minerals much larger than the normal constituents of the: 
associated volcanic rocks are found. These minerals may be free 
from other matter or embedded in vesicular basalt or may form. 
the nuclei of volcanic bombs. Those examined are felspars, horn- 
blende, augite and olivine. 


Felspars. 


ANALYSES OF FELSPARS. 
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FELSPARS: Norms BY PERCENTAGE WEIGHT. 
1 - 2 3 - 4 5 6 T - 8 
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FELSPARS: MOLECULAR PERCENTAGES. 
Le E. E ES 
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1. Mount Lookout. Aberfeldy, Gippsland. Large crystal from 
vesicular basalt. Sp.gr. 2:618. Analyst, A. G. Hall. 

2. Mount Lookout. Aberfeldy, Gippsland. Only about one 
gramme available for analysis. A duplicate determina- 
tion gave alkalis 9-18%. Analyst, P. G. W. Bayly. 

3. Mount Anakie, about 16 miles NNW. of Geelong. Sp.gr. 
2:62. Analyst, F. F. Field. 

4, Mount Franklin, near Daylesford. Sp.gr. 2:613. Analyst, 
JA (Er, delei 

5. Mount Franklin, near Daylesford. Fine, cross-hatched twin 
lamellae. Analysts, Miss J. M. Robertson and C. E. 
Eales. 

6. Mount Franklin, near Daylesford. Fine cross-hatched twin 
lamellae. Analyst, F. W. J. Clendinnen. 

7. Magorra, near Jumbunna, S. Gippsland. Glassy tabular 
crystals from dense basalt. Alkalis evidently too high. 
Analysis, Geol. Surv. Vic. Lab. (1901). 

8. Mount Noorat, near Terang. Alkalis unsatisfactory on ac- 


count of fusion and insufficient matcrial for duplicate 
determinations in thcir case; duplicate determinations 
of the other oxides agreed closely. Sp.gr. 2-608. 
Aman 6. tall. 
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I am indebted to Professor H. S. Summers for analyses Nos. 5 
and6. The relative values of the analyses are indicated by using 
Washington's method of rating (1), the degree of accuracy 
being expressed by the letters A, B, C and D, and the degree 
of completeness by the figures, 1, 2, 3 and 4. Analyses rated 
as Al are excellent; A2 or Bl, good; A3, 132 or Cl, fair; and the 
others poor. 

Felspar is abundant at Mt. Franklin and at Mt. Anakie in loose 
basalt scoria, and is also found at many other points of cruption 
of the New Volcanic basalts. On the shores of Lake Purrumbete 
and other lakes of the Western District it is fairly common, and 
has been derived from bedded tuffs. It also occurs at Mt. Look- 
out (Aberfeldy) and other volcanic centres in Gippsland asso- 
ciated with the Older Volcanic basalt. It is found as colourless 
and transparent cleavage fragments, generally small but ranging 
up to about two inches long. as rounded lumps evidently partly 
absorbed hy molten igneous rock, and occasionally as crystals 
more or less rounded. flowitt (2) described some specimens 
from Mt. Anakie as having albite and pericline twin lamellae, and 
he measured extinction angles as follows :— 


B M. Perpendicular to P & M. 
4397" +12° 30’ +10°0’ 
4393" +12" 197 +11°5’ 


Other examples since examined often resemble microcline in 
having twin lamellae in two directions, but extinction angles vary 


Fie. 1.—Diagram shewing composition of Felspars. 
Numbers correspond with Analyses. 
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‘somewhat in different parts of the same specimen. A section 
parallel to (001) from an Aberfeldy specimen extinguished at 6° ; 
this felspar is twinned on the albite law. It contains a few minute 
vermiform intergrowths, probably quartz, and some minute 
specks too small for determination, It is quite clear and unde- 
composed. 

The analyses and the triangular diagram show that all these 
felspars are anorthoclases ranging from potash albite to potash 
oligoclase, and that they are very different from the felspars 
entering into the composition of the associated basaltic rocks. 
Every analysis (except one which is rated as poor) gives an 
excess of SiO, and A1,0, above the calculated amount required 
to combine with the alkalis. These substances may be in solid 
solution with the felspar, or the quartz may be intergrown as 
indicated in the Aberfeldy felspar mentioned above. 


ANALYSES OF FERRO-MAGNESIAN MINERALS. 


9 10 y 
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9. Augite, Mount Noorat, near Terang. Sp.gr. 3-342, Analyst, 


Aa <a. Ball 
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10. Hornblende, Mount Anakie. Sp.gr. 3:32. Analyst, F. F. 
Field. 

11. Olivine, Mount Anakie. Granular material from an * olivine- 
bomb.” Analyst, F. F. Field. 


Augite. 


Only one analysis of augite has been madc, and unfortunately 
none of the material (which consisted of a black cleavage frag- 
ment from Mt. Noorat) was kept for microscopical investigation. 
It is a type rich in alumina and alkalis and poor in lime. This is 
best shown by taking the maximum, minimum and average figures. 
from the analyses of augites quoted by Iddings (3) and compar- 
ing them with those for the Noorat specimen. 


A1203 (36 anal.) CaO (86 anal.) NagW (18 anal ) 
Maximuni - - 915 - 23°46 - 1:47 
Minimum - - 2 82 - 15:98 - tr. 
Average - - 5:86 - 20°89 - 0:81 
Noorat augite - 8:66 - 15°64 = 1:12 


Augites are considered to consist of various proportions 
of the molecules RO.RO,, RO.R,O,.RO, and sometimes 
R,O.R,0,.(RO,), On this basis the composition of the Noorat 
specimen works out as follows :— 


Radicle - - RO, - R03 - RO - KRO 
Mol. propn. - - 8285 - 1023 - 7341 - 214 
R¿O.R¿044KR07 - 856 - e = - 214 
RO.R¿07.KRO, - - 809 - 809 - 809 - — 
RO.RO, - - 6532 - — - 6532 : — 


Surplus - = 88 - == = — - — 


The molecular formula is therefore 
65RO.RO,+8RO.R,0,.RO,+2R,0.R,0,. (RO,)4 
and there is an excess by weight of 0-53% SiO, or 0-70% TiQ,.. 


Hornblende. 


One good analysis of hornblende is also available. The material 
consisted of black cleavage fragments from Mt. Anakie. Exam-- 
ined microscopically the crushed mineral is a monoclinic amphi- 
bole, brown (burnt umber) in colour in very small fragments, the 
large being opaque. It is moderately pleochroic (brown to buff) 
and the extinction angle measured from the c-axis on cleavage’ 
fragments parallel to the a-axis is 9°. The analysis shows that 
it is rich in Al,O, and alkalis, and poor in lime for this type of 
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mineral, as indicated by comparison with figures taken from Idd-- 
ings's quoted analyses of hornblendes from igneous rocks. 


` 


A1203 (30 anal.) CaO (30 anal.) Nag0 (26 anal.) 


Maximum - - 17:36 - 13:03 - 3:18 
Minimum - - 1:50 - 9:25 = 0:87 
Average - - 10°69 - 11:62 - 1:67 
Anakie hornblende 15:34 9:35 2:32 


The calculation of the formula ofters some difficulties. The 
hornblendes consist of some or all of the molecules RO.RO,, 
R,O.RO.2RO,, R,O.R,O,.2RO, and ROR O RO The simple: 
method used above in the case of augite is not applicable since no 
radicle is confined to a single molceule. Let w, v, y and £ be the 
amounts of the above molecules, and a the amount of RO, in the 
whole of them. Then 


w+2r-+-2y+s=a (total RO, required) 
a +y=1040 (total R,O) 
y+:=2278 (total R,O,) 
w+at-s=4575 (total RO) 
and from these equations 
w=—=24—_9973 
+=6655—a 
y=a—3615 
¿=7893—a 


The maximum value of a is therefore 6655 and the minimunr 
5616. It is reasonable to choose the maximum since this figure 
will give the least excess of RO,. Then x—0. The composition 
now works out as follows :— 


Radicle - - ROS - EO - RO - ROS 
Mol. propn. - - 7076 - 2278 - 4575 - 1040 
w KO.RO, - - 3337 - — - 3387 - — 
y R30.R:03,2RO, - 2080 - 1010 - — - 1040 
¿ORO NEO s - 1238  - 1288 «- = 
Surplus - - 421 - —— - — - -- 


The molecular formula is therefore 
33RO.RO,+12RO.R,0;.RO,+10R,O.R,O.,, ( RODE 


and there is an excess by weight of 2:54% SiO, or 31977 O 
The ejected felspar, augite and hornblende are, therefore, all 


types rich in alkalis, alumina, and silica, and poor in lime. 


Olivine. 


Olivine from points of eruption either forms small, well-defined 
crystals, or more commonly granular masses up to a foot or more 
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in diameter containing an admixture of other minerals. Greenish- 
yellow crystals about an eighth of an inch long, sp. gr. 3-486, were 
collected from the scoria on top of Mt. Terang. The crystal 
forms developed are (010), (001), (110), (120), (101), (011) 
and (021). The mineral was found to contain 15-80% FeO, 
from which its composition is estimated to be 


Forsterite (Mg,SiO,) 77-57% by weight 
Fayalite  (Fe,SiO,) 22-43%, 


The analysed olivine from Mt. Anakie was picked out from 
the crushed granular nucleus of a volcanic bomb, and is yellow- 
ish-green in colour. Its caleulated composition is 


Forsterite, 86:76% by weight. 
Fayalite, 13-24%. 


How the other oxides in this analysis are combined is difficult 
to picture, but possibly they form a basic felspar. 

Both olivines are rich in magnesia, and contain only about 10% 
of the fayalite molecule. 


Magma. 


Bowen (4) has shown experimentally that minerals rich in 
magnesia are the first to erystallise from a cooling magma con- 
taining the elements of diopside and the plagioclases, and that 
alkaline minerals appear at a late stage of cooling; also that in 
systems involving such mix-crystals as the olivines, the earlier 
crystals are enriched in magnesia. It therefore seems highly prob- 
able that the olivine was formed at an earlier stage in the history 
of the magma than the other minerals considered above and that 
its association with them is more or less fortuitous. The infer- 
ence is that the original magma during the progress of cooling 
separated by some process of differentiation into two types, one a 
normal basalt and the other an alkali-gabbro; and that the felspar, 
augite and hornblende discussed above come from the alkali- 
gabbro differentiate. This inference is supported by the facts 
thai ejected blocks of essexite type occur in the basaltic tuffs of 
Lake Bullenmerri (5); that alkaline voleanic rocks of Tertiary 
age are found at Macedon (6 and 7); and that analcite basalts 
are plentiful in Gippsland. 

If the alkaline magma be admitted, the distribution in Victoria 
of the minerals here considered indicates that it is widespread, and 
is at least as old as the Older Basalt. In contrast is the fact that 
typical alkaline volcanic rocks are comparatively rare. The expla- 
nation may be that the alkaline magma was relatively too viscous 
to flow to the surface with the same ease as the basalt. The 
fine-grained texture of the basalt, the infrequency of porphyritic 
crystals in it and the glassy nature of its quickly cooled portions 
show that it arrived at the surface in a completely fluid state; and 
the extent and thinness of the flows show that it was very mobile. 
On the other hand. the comparatively large size of the minerals 
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considered in this paper indicates long continued crystallization of 
the magma in which they originated; the alkaline volcanic rocks. 
of Macedon are typically porphyritic; ànd it is known that 
alumina increases the viscosity of a “melt.” It would therefore 
appear that the original magma separated into more and less. 
alkaline portions before Tertiary volcanic action began. The 
basaltic portion remained highly mobile, and rose to the surface 
more easily than the alkaline, partly crystallized, more viscid por- 
tion, which in consequence seldom formed lava flows, though 
some of its constituents together with molten basalt werc hurled 
by explosions from points of eruption. The anorthoclase basalts. 
of the Macedon district and the analcite basalts of Gippsland 
may represent a less advanced stage of differcntiation or the 
mixing of the two types of magma. 

The magmatic differentiation suggested by the study of the 
ejected minerals agrees in general with the deductions made by 
Professors Skeats and Summers (7) as a result of their exhaus- 
tive study of the Macedon area; but it appears that the process. 
began before the ejection of the Older Basalis of Gippsland and 
continued or was repcated until the end of the volcanic period. 
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